the flow conditions for oil in the formation matrix are poor. The time needed to produce the oil will therefore be longer than the high permeable sandstone reservoirs. However, the carbonates are fractured to various degrees, i.e. the reservoirs consist of tight matrix blocks with fractures in between.
Generally, fractured hydrocarbon reservoirs provide over 20% of the world oil reserves and production. One of the prolific fractured reservoirs is the Asmari limestone reservoirs in Iran. In the Asmari reservoirs, most of the hydrocarbon is in In the matrix, but fracture PV could be as high as 1 to 2%. In these reservoirs, the average matrix porosity is around 20% and the matrix permeability is often low. The ultimate recovery from Asmari reservoirs is estimated to be around 22%.
In the case of fractured reservoirs, a major concern for miscible fluid injection is the early breakthrough and production of large quantities of the injected fluid. Capillary pressure contrast of the fracture and the matrix is a major parameter which causes low recovery efficiency of fractured reservoirs. The reduction of reinfiltration (through elimination of capillary pressure) is one positive element of miscible displacement in fractured porous media. Miscibility also eliminates the contrast in capillary pressure between matrix and fracture. A third positive element of miscible displacement in fractured porous media is that it provides a significant crossflow between the fracture and matrix.
There is very little work in the literature on miscible displacement in fractured porous media. Theoretical work is limited to a few papers published in the Russian literature. These papers center around the same formulation but do not address the basic issues of miscible displacement in fractured porous media (1-3). Kats et al. (1) considered only the effect of gravity on crossflow between the matrix and the fractures in the context of a dual-porosity model. A general model by, Bedrikovetskii, et al. (2) , Basniev and Bedrikovetskii (3) includes the effect of gravity, diffusion, and convection. However, the assumptions which are required to proceed with the solution of the flow equations in a 3-D space are many and some unjustified. In 1969, Thompson and Mungan (4) reported the results of an experimental study on gravity drainage in fractured porous media under first contact miscible conditions. They used vertically mounted 2'' diameter fractured and unfractured cores. Soltrol 130 was used as the oil and liquid normal butane as displacing fluid. Thompson and Mungan mainly studied the effect of displacement rate on recovery efficiency They didn't present any mathematical model for their work.
The purpose of this work is to provide a theoretical analysis of the miscible displacement in fractured porous media. Physical concepts related to the process will be emphasized in this work. In this study, a one dimensional model will be used. As will be seen, the one dimensional model can capture the main features of miscible displacement in fractured porous media.
Mathematical Formulation
We assume that (a) All fluids are incompressible and first contact miscible, (b) Each media has uniform properties, (c) dispersion is negligible compared with the convection effect by crossflow, (d) viscous fingering is negligible, (e) the displacement is strictly one dimensional in two media, and (f) there is no volume change of mixing. Fractional flow theory can be extended to two layers problems with the inclusion of viscous crossflow in the limiting case of vertical equilibrium (maximum crossflow). Using the volume element in Fig. 1 mass balance on a layer 1 (fracture medium) yields :
Mass In-Mass Out = Mass Accumulated Dt.
(1) For the adjacent media 2 (matrix), the solvent crossflowing out of layer 1 must necessarily end up on layer 2. Therefore, a similar mass balance yields Mass In-Mass Out = Mass Accumulated
In a more compact form, Eqs. 1 and 2 become
(4) where a is the fracture-matrix mass transfer coefficient calculating using the following equation (5) Sh = 0.023 Re .83 . Sc
.44
Sh is the dimensionless mass transfer coefficient, Re
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and Sc are Reynolds and Schmidt numbers, respectively.
In these equations, D, U, r and m are diffusivity, velocity, density and viscosity. Since in gas-oil contact, D usually is in order of 10 5 (cm 2 /s), Sc is very small. Thus, we can neglect the interface mass transfer.
Total mass balance on the control volume yields Total Fluid In-Total Fluid Out = Total Fluid accumulation Dt(q 1 | x − q 1 | x+Dx ) = j 1 .h 1 .W.Q XF1 Dx (9) in media 1 (fracture), and for matrix Dt(q 2 | x − q 2 | x+Dx ) = j 2 .h 2 .W.Q XF2 .Dx (10) The total fluid rate across the entire cross-section is constant; hence, (q 1 + q 2 )| x = (q 1 + q 2 )| x+. Dx = Q T . It follows from this and adding Eqs. 9 and 10 that Q XF1 = Q XF2 . Note that crossflow causes the layer flow rates q 1 and q 2 to vary with position. Since crossflow originates from medium 1, appropriately the solute flow rate crossflowing between media should be a function of the solute concentration in medium 1.
Taking the limits as both Dx and Dt approach zero provides the two partial differential equations which describe the flow of solute and solvent in two media. However, these equations cannot be solved independently since they are coupled by the crossflow term. Hence Eqs. 11 and 12 must be solved simultaneously.
(11) (12) In addition to mass balance equations, we need to Darcy's law, density-concentration and viscosity-concentration relations (13) (14)
In above equations, C i is the solute concentration in medium i (C 1 = 1 for solute and C 1 = 0 for solvent). where In this case, we divide solution as two parts, before breakthrough time and after breakthrough time. Fig. 2 . Assume x 1D and x 2D be the positions of solute-solvent interface for fracture and matrix. Integrating Darcey's law from x 2D = 0 to x 2D = 1 yields 
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1 Before Breakthrough Time Refer to
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x 1D = x 2D = 0 @ t D = 0 (51) By these conditions, x 1D and x 2D are plotted versus dimensionless time, Fig. 3. 
After Breakthrough
At this time, in the matrix there are solute and solvent , but fracture is filled with solvent so that
(53) Thus, pressures equality and Eq. 38 yield 
Case 2) Vertical Crossflow Equilibrium (VCE)
The vertical crossflow equilibrium concept has been used extensively in the petroleum literatures (6) (7) (8) (9) (10) (11) (12) . Generally, vertical crossflow equilibrium means that the sum of the driving forces in the vertical direction is zero for all fluid components. In other words, VCE means that the vertical pressure drop is zero at all time and positions in the reservoir. This means that the horizontal pressure gradients are equal at all vertical positions. It is not generally recognized that assuming VCE in a displacement implies perfect vertical communication, and this is the basis for claim that VCE implies the maximum degree of crossflow possible. Based on the results of Zapata and Lake (13) , VCE will be a good assumption for reservoirs with effective length to thickness ratios of 10 A convenient way to represent these solutions in graphical form is the time-distance diagram (characteristic directions) and the concentration path diagram (solution along the characteristic).
As observed from Eqs. 60 and 61, the solutions along the characteristic require numerical integration in a step-wise fashion. In order to determine composition
. .
.
. . 
Conclusions
In this work, we provide a theoretical analysis of the miscible displacement in fractured porous media. The development of equations accounts only for crossflow due to pressure gradients formed by the displacing (injected) and displaced (initial) fluids. Analysis of one dimensional miscible displacement theory shows that in a miscible injection process, injected fluids do not flow through the fracture. There is viscous crossflow between fracture and matrix. The results from laboratory study will be compared with the predicted results
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from this model in future work (14) .
